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Description ; 

Arrangement and method for removing an organic material from 
a semiconductor device 

The present invention relates to an arrangement and a method 
for removing an organic material from a semiconductor device, 
the arrangement comprising a reactor to receive at least one 
semiconductor device with deposited organic material and to 
receive a fluid having ingredients for removing the organic 
material from the semiconductor device. 

In the technical field of manufacturing of semiconductor de- 
vices, the semiconductor devices often are formed like disks 
or wafers for producing e.g. semiconductor chips. In the pro- 
cess of manufacturing of e.g. a semiconductor wafer, it is 
common and necessary to apply various process steps to the 
wafer. Especially lithographic processes are applied fre- 
quently in the process. Before applying a lithographic proc- 
ess, the wafer usually is deposited with at least one mate- 
rial layer such as photoresist material. The photoresist ma- 
terial comprises organic material. By applying a lithographic 
process to the wafer which comprises at least one deposited 
layer of photoresist material, structures over the front side 
of the wafer can be performed. The structures can be per- 
formed by etching e.g. irradiated portions of the photoresist 
material. The structured photoresist layer then usually 
seirves as a mask for further etching processes. / 

After a final etching process, it usually becomes necessary 
to remove the remaining portions of the photoresist layer be- 
fore a next process or process step is applied. For removing 
organic material such as photoresist material from a semicon- 
ductor wafer it is common to use fluid acids with ingredients 
such as e.g. sulphuric acid and hydrogen peroxide. For this 
purpose, the fluid acid is enclosed in a reactor or a fluid 
bath container in which at least one semiconductor, wafer with 



a deposited layer of photoresist material is to be inserted. 
When removing the organic material, carbon components of the 
photoresist material are oxidized and formed to carbon diox- 
ide, the hydrogen components are formed to water. For this 
process, the fluid acid usually is heated e.g. up to 13 0 °C. 

In such a process, the amount of used hydrogen peroxide gen- 
erally depends on e.g. the type of photoresist material, the 
extent of the structuring and the amount of photoresist mate- 
rial to be removed. The latter especially depends on the num- 
ber of wafers enclosed in the reactor. Thereby, especially 
two aspects have to be considered. It is necessary that the 
fluid acid contains a sufficient amount of hydrogen peroxide, 
so that a defined process time for removing the photoresist 
material can be performed and the photoresist material is 
converted sufficiently, so that the following processing of 
further wafers is not affected. On the other hand, it is de- 
sirable that the amount of hydrogen peroxide is not higher 
than necessary. If less hydrogen peroxide is used in the pro- 
cess, the amount of water which is formed during the process 
can be decreased. As a consequence, the lifetime of the proc- 
ess fluid increases. Therefore, the time intervals in which 
the fluid has to be. renewed become larger. 

In view of the prior art, it is an object of the present in- 
vention to provide an arrangement for removing an organic ma- 
terial such as photoresist material from a semiconductor de-. 
vice of the above-mentioned type, the arrangement being siiit- 
able for optimizing the amount of at least one of the ingre- 
dients of the fluid which is to be inserted into the reactor. 

Further, it is an object of the present invention to provide 
a method for removing an organic material from a semiconduc- 
tor device using a fluid having ingredients for removing the 
organic material, the method being suitable for optimizing 
the used amount of at least one of the ingredients of the 
fluid. 
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The object regarding the arrangement is solved by an arrange- 
ment of the above-mentioned type, the arrangement further 
comprising an optical sensor system for emitting optical ra- 
5 diation and for receiving of emitted optical radiation, con- 
trolling means for processing information about optical ra- 
diation intensity and for controlling an insertion of at 
least one of the ingredients into the reactor, the optical 
sensor system being placed in a manner that emitted optical 
10 radiation is transmittable through the fluid, the controlling 
means being connected to the optical sensor system. 

The object regarding the method is solved by a method for re- 
moving an organic material from a semiconductor device com- 

15 prising the steps of providing a reactor, inserting at least 
one semiconductor device with deposited organic material into 
the reactor, inserting fluid ingredients for removing the or- 
ganic material from the semiconductor device into the reactor 
forming a fluid, emitting of optical radiation towards the 

20 fluid, receiving of optical radiation which is transmitted 
through the fluid, detecting of the received optical radia- 
tion intensity, and controlling of the insertion of at least 
one of the ingredients due to the detected optical radiation 
intensity. 

25 

The arrangement and method are applicable to various semicon- 
ductor devices with deposited organic material such as wafers 
tor manutacturing ot semiconductor chips. For example, the 
semiconductor device comprises a deposited layer of photore- 

30 sist material. Further, various types of fluids can be used 
which are suitable for removing the organic material from the 
semiconductor device. Especially, a fluid is used having in- 

gredients for r e moving photoresist mate r ial. P r eferably, lo i — 

removing photoresist material sulphuric acid and hydrogen 

35 peroxide are inserted as fluid ingredients. 
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With the provided arrangement and the provided method the 
amount of at least one of the ingredients such as hydrogen 
peroxide can be adapted. Furthermore, the process time for 
removing the organic material can be adapted to the amount of 
5 inserted organic material or the number of inserted wafers, 
respectively, and to different kinds of organic material or 
respective photoresist material. 



With the optical sensor system the colour of the process 

10 fluid can be measured. To this end, the optical sensor system 
emits optical radiation and receives emitted optical radia- 
tion. Thereby, the optical radiation is emitted towards the 
fluid. By receiving of the optical radiation which is trans- 
mitted through the fluid the colour of the process fluid can 

15 be detected. With this infomation it can be assured that 

only semiconductor devices leave the process fluid which have 
been stripped off to a sufficient amount. If the process 
fluid is not clear enough this will be detected by the opti- 
cal sensor system and e.g. a process alarm will occur, Espe- 

20 cially, the process fluid is not clear if it contains por- 
tions of the removed organic material which are unoxidized. 
Also, it can be detected by the optical sensor system if the 
amount of water in the process fluid exceeds a defined value. 
For example, the content of water in the process fluid is re- 

25 lated to a decrease of the sensor signal provided by the op- 
tical sensor system. As well, a decrease of the sensor signal 
is related to the amount of unoxidized portions in the 
stripped-of f~~organic materxal. 



30 Due to the sensor signal the insertion of at least one of the 
ingredients such as hydrogen peroxide is controlled. The con- 
trolling of the insertion can be performed in a manner that 

the consumption of th e hydrogen peroxi d e i n re l at i on to thP 

process time is optimized. 

In a preferred embodiment, the arrangement comprises a radia- 
tion source for emitting optical radiation with a single 
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wavelength. Preferably, blue light is emitted by the optical 
sensor system and transmitted through the fluid. Since the 
absorption of blue light by unoxidised portions in the 
stripped-off photoresist material is relatively high, a reli- 
5 able detection of unoxidized organic material or respective 
photoresist material can be performed. For this purpose, the 
radiation source advantageously comprises a laser device or a 
light emitting diode. 

10 According to another preferred embodiment, the optical sensor 
system is connected to the controlling means by means of an 
optical cable. By using an optical cable the controlling 
means do not need to be placed near to the optical sensor 
system, since the optical sensor system is placed in an ag- 

15 gressive environment performed by the fluid acid. Advanta- 
geously, the optical cable comprises a first optical fibre 
for transmitting the optical radiation which is to be emitted 
and a second optical fibre for transmitting received optical 
radiation. Therefore, both the sender for emitting the opti- 

20 cal radiation and the receiver for receiving the transmitted 
optical radiation can be placed in a suitable environment. 

According to another embodiment, the arrangement comprises a 
fluid pipe system for inserting the fluid into the reactor 
25 and for removing the fluid from the reactor. The optical sen- 
sor system is integrated into the fluid pipe system. Advanta- 
geously, the optical sensor system is integrated in a manner 
that no influence on the circulation process of the fluid 
(pressure and flow rate) is given. 

30 

In a further advantageous embodiment, the fluid pipe system 
comprises at least one filter for extracting particles and/or 
a degasifier for removing bubbles from the fluid. If heating 
of the fluid is necessary, the fluid pipe system further com- 
35 prises a heater. Preferably, the heater and the optical sen- 
sor system are arranged to each other in a manner that a 
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fluid stream through the fluid pipe system passes the heater 
and then the optical sensor system. 



To improve the measuring functionality of the arrangement and 
5 the method the optical radiation is modulated for emitting 
and demodulated for receiving. Therefore, it is possible to 
perform a measuring that is independent from outside illumi- 
nation. Further, if only maximum values of the received opti- 
cal radiation intensity are detected within a defined time 
10 period an influence of bubbles induced by the process can be 
overcome by filtering of bubble- induced peaks of the sensor 
signal . 

Further advantageous features, aspects and details of the in- 
15 vention are evident from the dependent claims. 

The invention will be better understood by reference to the 
following description of embodiments of the invention, taking 
in conjunction with the accompanying drawings, wherein 

20 

figure 1 shows an embodiment of the arrangement according to 

the inventions- 
figure 2 shows a more detailed view of the optical sensor 
25 system; 

figure 3 shows a cross- sectional view of a wafers- 
figure 4 shows a diagram of a measured sensor signal in re- 
30 lationship to the process time. 

Figure 1 illustrates an embodiment of the arrangement accord- 
ing to the invention. The arrangement 1 comprises a reactor 2 
for enclosing semiconductor devices 20 such as wafers. For 
35 example, the reactor 2 is suitable for enclosing a number of 
5 up to 50 wafers piled up in a suitable clamping device. The 
reactor 2 can be on at least one side to form a tank or a 



BEST AVAILABLE COPY mtsmm 



bath. On the other hand it can be formed as a closed reactor 
with pipes connected to it. The wafers 20 have at least one 
deposited layer of photoresist material which is to be re- 
moved. In the reactor 2 also a fluid 40 having ingredients 41 
5 and 42 for removing the photoresist material from the wafers 
20 is enclosed. This type of process fluid also is known as 
so-called piranha. 

Further, the arrangement 1 comprises a fluid pipe system 9 
10 for inserting the fluid 40 into the reactor 2 and for remov- 
ing the fluid 40 from the reactor 2 . The fluid pipe system 9 
comprises a pump 91 for performing a fluid stream 10 through 
the fluid pipe system 9. Further, the fluid pipe system 9 
comprises a filter 92 for extracting particles out of the 
15 fluid 40 and a degasifier 93 for removing bubbles from the 
fluid 40, each of them placed at exemplified positions. The 
fluid pipe system 9 then comprises a heater 94 for heating 
the fluid 40 to e.g. 130 °C. An optical sensor system 3 is 
integrated into the fluid pipe system 9. The optical sensor 

2 0 system 3 and the heater 94 are arranged to each other in a 

manner that the fluid stream 10 through the fluid pipe system 
9 first passes the heater 94 and then the optical sensor sys- 
tem 3 . 

25 The fluid 40 comprises sulphuric acid 41 (H2S04) and hydrogen 
peroxide 42 (H202) as fluid ingredients. Additionally, ozone 
(03) can be inserted as further ingredient of the fluid 40. 
With a spiking pump 6 the insertion of hydrogen peroxide 42 
into the fluid pipe system 9 is controlled. The spiking pump 

3 0 6 is connected to a controlling circuit 4 comprising a data 

processing unit 5. The spiking pump 6 is controlled by the 
controlling circuit 4. The data processing unit 5 and respec- 
tive controlling circuit 4 are connected to the optical sen- 
sor system 3 by means of an optical cable 8 . The controlling 
35 circuit 4 further comprises a radiation source 7 for emitting 
optical radiation which is transferred via the optical cable 
8 to the optical sensor system 3. For example, the radiation' 
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source 7 comprises a laser device or a light emitting diode 
for emitting optical radiation with a single wavelength. 



Figure 2 shows a more detailed view of the optical sensor 
5 system 3. The pipe of the fluid pipe system 9 containing the 
fluid 40 is arranged in the centre of the optical sensor sys- 
tem 3. The optical sensor system 3 comprises a sender 31 for 
emitting optical radiation 32 towards the fluid 40. The opti- 
cal radiation 32 is provided by an optical fibre 81 which is 

10 part of the optical cable 8 according to figure 1. The radia- 
tion 32 which is to be emitted is transmitted from the radia- 
tion source 7 via the optical fibre 81. The optical sensor 
system 3 further comprises a receiver 33 for receiving of 
emitted optical radiation. Especially, the receiver 33 is de- 

15 signed for receiving of the optical radiation 34 which is 

transmitted through the fluid 40. The received optical radia- 
tion 34 is transmitted to the controlling circuit 4 via the 
optical fibre 82 as part of the optical cable 8. 

20 Figure 3 schematically shows a cross-sectional view of one of 
the wafers 20 enclosed in the reactor 2 according to figure 
1. The wafer 20 is deposited with layers 21 and 22. Layer 22 
is formed of photoresist material irradiated in a litho- 
graphic process. The photoresist layer 22 forms a mask for 

25 etching the layer 21. After the etching process, trenches are 
formed as shown in figure 3. In a following process, the re- 
maining portions of the photoresist layer 22 have to be re- 
moved by inserting the wafer 20 into the reactor 2 according 
to figure 1. 

30 

With the optical sensor system 3 the transmission of blue 
light (wavelength of about 550 nm) through the fluid 40 is 
measured. By removing the photoresist material 22 from the 
wafer 20 the fluid 40 changes its colour. When the removed 
35 photoresist material is fully oxidized, the fluid 40 is 

nearly as clear as at the beginning of the process. The de- 
scribed change of colour can be measured by the optical sen- 

BEST AVAILABLE COPY 



„ 9 

sor system 3. To be independent from outside illumination, 
the optical radiation is modulated for emitting and demodu- 
lated for receiving. This can be performed by the data proc- 
essing unit 5. If, within a defined time period, only maximum 
values of the received optical radiation intensity are de- 
tected, the result of the measurement is not influenced by 
induced bubbles which usually lead to scattering of the 
transmitted radiation. 

Figure 4 shows a diagram of a measured sensor signal I in re- 
lationship to the process time t. The sensor signal I is de- 
rived from the detected optical radiation intensity measured 
by the optical sensor system 3. In this example, the optical 
radiation intensity is detected and transferred into a volt- 
age signal . Figure 4 shows the sensor signal I derived from 
the received radiation intensity. The diagram schematically 
shows an example of a process for removing photoresist mate- 
rials deposited on five wafers 20. There are shown three 
curves Kl to K3, each for a different number of strokes of 
the spiking pump 6 pumping the hydrogen peroxide 42 into the 
fluid pipe system 9 . The curve Kl designates the lowest num- 
ber of strokes. The curve K3 designates the highest number of 
strokes- 

The process begins with the time tO . The large decrease of 
each of the curves at the beginning of the process denotes 
the extent of the dissolution of the photoresist material. 
Since a relative high amount of unoxidized portions in the 
stripped-off photoresist material occurs at the beginning of 
the process, the absorption of the transmitted light through 
the fluid 40 is quite large. Therefore, the signal I de- 
creases. With the inserting of hydrogen peroxide 42 into the 
fluid 40 the process of oxidation of the photoresist material 
can be accelerated. This is illustrated by the different in- 
creases of the curves Kl to K3 . When the curves exceed the 
level Q which is a value for a minimum process fluid quality 
(for example 90 % of the initial value of the signal I), the 



fluid 40 is clear enough for inserting the next lot of wa- 
fers. The time tl denotes the end of the process. For the 
curves K2 and K3 , a sufficient process fluid quality for a 
next process is reached. The ojptimized number of strokes of 
the spiking piomp 6 will be probably between the number of 
strokes of the curves Kl and K2 to meet exactly the point P, 

For instance, an end point detection is performed. To this 
end, the sensor signal I is compared with the initial signal 
I of the clean process fluid before the wafers 20 are in- 
serted into the reactor 2 . The difference between these two 
signals has to be in a defined range after a certain time 
limit. The optical sensor system 3 can detect one wafer with 
deposited photoresist material entering the reactor 2. The 
optical sensor system 3 can detect two different states, e.g. 
"process fluid clean" or "process fluid not clean" . If the 
process time is finished and the process fluid or respective 
fluid is not clean, an additional amount of hydrogen peroxide 
and process time will be added. 

In a further embodiment, a process control can be performed 
with the goal of reduction of the hydrogen peroxide consump- 
tion and process time. The intensity of the received optical 
radiation is detected and the generated sensor signal, e.g. 
the slope of descent of the signal which is a function of the 
number of coated wafers inserted into the process fluid, is 
compared with a pre-defined table with signals on defined 
time stamps, the signals being characteristic for a process 
fluid which is not full with wafers. The sensor signal is 
compared with the predefined table during the process at cer- 
tain time steps. Due to the results of the comparison, the 
amount of hydrogen peroxide to be inserted into the fluid is 
controlled. This can be performed with a special control al- 
gorithm, e.g. with a PID-controller with a pre-defined target 
value. In a second method, the point of strongest absorption 
can be measured (characterized by a minimum value of the re- 
spective curve) . 
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For process cost minimization, the optical radiation inten- 
sity or respective sensor signal is monitored over a defined 
time period. The lifetime of the process fluid can be moni- 
5 tored by monitoring the sensor signal since the content of 
water in the fluid which is formed during several processes 
is related to the course of recovery of the process fluid af- 
ter removing the photoresist material of a lot of wafers . 
With the ageing of the fluid the recovery time of the process 

10 fluid becomes larger. The tracking of the recovery time can 
be used to define the lifetime of the process fluid. As an 
alternative, a maximum amount of hydrogen peroxide per each 
of the wafers or the batches and a maximum process time pe- 
riod are defined. If a lot of wafers or a batch can't be 

15 processed completely in the defined time period with the de- 
fined amount of hydrogen peroxide (level Q isn't exceeded), a 
change of the fluid has to be made. 
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1 . Arrangement for removing an organic material from a semi- 
conductor device comprising 
5 - a reactor (2) to receive at least one semiconductor device 
(20) with deposited organic material (22) and to receive a 
fluid (40) having ingredients (41, 42) for removing the or- 
ganic material (22) from the semiconductor device (20), 

- an optical sensor system (3) for emitting optical radiation 
10 (32) and for receiving of emitted optical radiation (32) , 

- controlling means (4, 5, 6) for processing information 
about optical radiation intensity (I) and for controlling 
an insertion of at least one of the ingredients (42) into 
the fluid (40) , 

15 - the optical sensor system (3) being placed in a manner that 
emitted optical radiation (32) is transmittable through the 
fluid (40), 

- the controlling means (4, 5, 6) being connected to the op- 
tical sensor system. 



2. The arrangement according to claim 1, 
characterized in that 

the arrangement (1) comprises a radiation source (7) for 
emitting optical radiation (32) with a single wavelength. 

3. The arrangement according to claim 2, q 
characterized in that o 
the radiation source (7) comprises a laser device or a light JJj 
emitting diode. ^ 

; 4 . The arrangement according to anyone of claims 1 to 3 , ^ 



characterized in that 
the optical sensor system (3) is con 
means (4, 5, 6) by means of an optical cable (8). 



the optical sensor system (3) is connected to the controlling ^ 



5. The arrangement according to claim 4, 
characterized in that 
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the optical cable (8) comprises a first optical fibre (81) 
for transmitting the optical radiation (32) which is to be 
emitted and a second optical fibre (82) for transmitting re- 
ceived optical radiation (34) . 

5 

6. The arrangement according to anyone of claims 1 to 5, 
characterized in that 

- the arrangement (1) comprises a fluid pipe system (9) for 
inserting the fluid (40) into the reactor (2) and for re- 

10 moving the fluid (40) from the reactor (2), 

- the optical sensor system (3) is integrated into the fluid 
pipe system (9) . 



7 . The arrangement according to claim 6 , 
15 characterized in that 

the fluid pipe system (9) comprises at least one filter (92) 
for extracting particles and/or a degasifier (93) for remov- 
ing bubbles from the fluid (40) . 

20 8. The arrangement according to claim 6 or 7, 
characterized in that 

the fluid pipe system (9) comprises a heater (94) for heating 
the fluid (40) . 

25 9. The arrangement according to claim 8, 
characterized in that 

the heater (94) and the optical sensor system (3) are ar- 
ranged to each other in a manner that a fluid stream (10) -u-' 
through the fluid pipe system (9) passes the heater (94) and 
,3 0 then the optical sensor system (3) . 

10 . Method for removing an organic material from a semicon- 
ductor device comprising the steps of 
- providing a reactor (2) , 
' 35 - inserting at least one semiconductor device (20) with de- 
posited organic material (22) into the reactor (2) , 
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- inserting fluid ingredients (41, 42) for removing the or- 
ganic material (22) from the semiconductor device (20) into 
the a fluid (40) , 

- emitting of optical radiation (32) towards the fluid (40), 

- receiving of optical radiation (34) which is transmitted 
through the fluid (40), 

- detecting of the received optical radiation intensity (I), 

- controlling of the insertion of at least one of the ingre- 
dients (42) due to the detected optical radiation intensity 
(I) . 

11. The method according to claim 10, 
characterized in that 

the optical radiation (32, 34) is modulated for emitting and 
demodulated for receiving. 

12. The method according to anyone of claims 10 or 11, 
characterized in that 

within a defined time period only maximum values of the re- 
ceived optical radiation intensity (I) are detected. 

13. The method according to anyone of claims 10 to 12, 
characterized in that 

sulphuric acid (41) and hydrogen peroxide (42) are inserted 
as fluid ingredients. 

14. The method according to claim 13, 
characterized in that 

the insertion of hydrogen peroxide (42) is controlled. 

15. The method according to anyone of claims 10 to 14, 
characterized in that 

the optical radiation intensity (I) is monitored over a de- 
fined time period. 

16. The method according to anyone of claims 10 to 15, 
characterized in that 



15 

at least one semiconductor device (20) having at least one 
layer of photoresist material (22) is inserted into the re- 
actor {2 ) , 

fluid ingredients (41, 42) for removing the photoresist ma- 
terial (22) from the semiconductor device (20) are inserted 
into the reactor (2) . 
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Arrangement and method for removing an organic material from 
a semiconductor device 

5 

An arrangement and a method for removing an organic material 
from a semiconductor device are provided. The arrangement 
comprises a reactor (2) for enclosing at least one semicon- 
ductor device (20) with deposited organic material (22) and 

10 for enclosing a fluid (40) having ingredients (41, 42) for 

removing the organic material (22) . An optical sensor system 
(3) is placed in a manner that emitted optical radiation (32) 
is transmitted through the fluid (40) . The optical sensor 
system is connected to controlling means (4, 5, 6) which con- 

15 trols the insertion of at least one of the ingredients (42) 

due to the detected intensity (I) of the received optical ra- 
diation (34) . The invention is suitable for optimization of 
the amount of at least one of the ingredients (42) used in 
the process. 



20 



Figure 1 
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